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One of the main factors limiting plant productivity is ther availability of nitrogen. Since
industrial fertilizer has a high energy dependence and is often the cause of environmental
pollution, researchers are looking for new and cost-effective ways by which dinitrogen can be
used to support the growth of crop plants in N depleted environments. The work carried out by
Shanmugam and coworkers clearly showed that genetically modified cyanobacteria can provide at
least part of the nitrogen required by the plants using dinitrogen. Since nitrogen fixation genes
cannot be directly incorporated into the genome of higher plants, the technologfy described in
this proposal offers a viable alternative to linking dinitrogen fixation to the growth of cereal
crop plants. During the course of this project, we have applied a co-culture system of wheat
(Yecors rojo) with an ammonia-excreting mutant of the cyanobacterium Anabaena variabilis,
which can provide N-fertilizer for ther growth of wheat plants in N-free medium. The main
objective of this proposed research was to explore the physiological conditions for a successful
hydroponic co-culture system and to define some of tile exchange processes taking place
betweeen wheat roots and cyanobacterial mutant. We further generated similar mutants using
nitric acid rnutagenesis, and characterized them with respect to ammonia production and some
properties of glutamine synthetase, the key enzyme for nitrogen assimilation.

ACCOMPLISHMENTS

Research results during the first year were obtained in trial experiments carried out in
the green house using peat pots, growth in 250 ml fleakers using sand as carrier, a 2-cup
system with the holding cup containing the cyanobacteria and a hydroponic system where the
cyanobacteria were added to the rhizosphere of wheat. The latter system proved to be superior to
all other systems in terms of grain yield, nitrogenase assays and the convenience of changing
the medium for experimental purposes. Growth conditions were optimized with respect to plant
density and light regime in the co-culture. Growth and nitrogenase activity of the free-living
strains SA-0 and SA-1 were compared to the co-culture using the same parameters. Biomass
and grain yield were determined for all four different growth conditions (see Spiller and
Gunasekaran 1990). Wild type strain SA-0 did not support growth of wheat. The size of the
inoculum was varied from 2 to 20 mg dry wt SA-1 applied to co-cultures. Grain yield and
biomass increased cnn._id_rahle wilh oiah inoculum of cvanobacterial mutant (Thesis, Ransom
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Theexperimentsof thesecondyearweregearedtowardindepthstudyof the
interactionofammonia-excretingmutantSA-1with the wheatplant with respectto
photosyntheticoxygenevolutionandresoiration,theeffectof low levelsof ammonion the
ammonia-excretingpropertiesof the mutant,the quantitiyand timingof cyanobacterium
appliedand the physiologicalandenzymaticpropertiesof a selectedgroupof mutantssupporting
growtho wheat. Theeffectof lightintensityon oxygenevolvedwasmeasured'in situ'andthe
effectof light intensityon bothnitrogenaseactivityand netoxygenevolutionwasmeasured
simultaneouslyin a speciallyconstructedreactionchamber(Spillerand Gunasekaran1991).
In an unstirredco-culturesystemof wheatwithcyanobacterium,oxygensupplyby the mutant
strainSA-1 to the roots is a key factorin plant productivity.

The typeof interactionbetweenplantand microbewasstudiedby physicallyseparating
the mutantfromthe rootsby keepingthecyanobaccteriumin a dialysisbag.Theexperiemnthad
four treatments: controlplantswithoutinorganicN or cyanobacteria;nitrateaddedat 2 mM;
mutantSA-1 in a dialysisbag;mutantSA-1 indirectassociation.Growthwasmonitoredas leaf
areafor 3 weeks,and finalcell massandgrainyielddeterminedafteran entiregrowthcycleof
8 weeks.Thegrowthof thewheatplantseparatedbydialysismembranewasnearlyastowasthe
controlwithout any addition(seeaccompanyingmanuscriptsubmittedSpilleret al., 1993).
The ammonia-excretingpropertiesof a free-livingbatchculturewere monitoredduringan
entiregrowthcycleas a functionof ammonia(0.5to 4 raM)added.Whereasnitrogenaseactivily
of wild typwestrainSA-0was inhibitedby 100%at 1 mM ammonia,this activitywas at a
maximumin themutantSA-1underthesameconditions.Growthconditionswereoptimizedin a
co-culturewhenseveralsmallerinoculawereappliedovera periodof 3 weeks(seemanuscript
Spilleret al. 1993).Somephysiologicalpropertiesof other ammonia-excretingmutantswere
studiedwith respectto oxygenevolved,root respiration,nitrogenaseactivity.Biomassand
grainyield of the co-culturewith the mostproductivemutantswere determined(Thesis,
Venson 1991).

During the third year our effortswere directedtowardstudyingthe nutrient
requirementof bothcyanobacteriumandwheatin the co-culture,to studythe
plant/cyanobacterialinteraction,studythe flowof fixedcarbonto the rhizosphereof wheatin
the light (for methodologyseeSpillerandStallings1993),and to determinenitrogenase
activityin rootsegmentsandcompareit with the activityof detached filaments,studythe
possiblerole of sucroseinvertasein rootswithandwithoutcyanobacterium.The resultsof
thesestudiesare reportedin the accompanyingmanuscriplsubmitted(Spilleret al. 1993).

Students trained in this program

A. Graduate students

1. Ransom, Maurice
Thesis title: "Growth of a co-culture of wheat with ammonia-excreting mutant of Anabaena

variabilis ", graduated May 1990
2.Venson, Pamela

Thesis title: "Physiological characteristics of mutants of Anabaena variabilis with
ammonia-excretung properties in a culture supporting the growth of hysroponic wheat."
Graduated May, 1992.

3. Taylor, Jacqueline
Thesis title: "Physiological characterization of ammonia-excreting mutants of Anabaena
variabilis ". Graduated May, 1992.



B. Undergraduate students, worked in this program, and their special topics
1. Nesbitt, Emma

Project title: "pH changes in hydroponic wheaVAnabaena co-cultures", 1990.
2. Venson, Pamela

Project title : "Oxygen evolution and nitrogenase activity of ammonia-excreting mutants
of Anabaena variabilis " ,1990.

3. Stallings, William
Project title : "Growth and nitrogenase activity in dialysis diffusion cultures vs. direct

association cultures of cyanobacterium mutant SA-1 with wheat roots",
1990/1991.

4. Woods, Trent
Project title: "The effect of amonia concentration on growth and nitrogenase activity of

ammonia-excreting mutant SA-1 of the cyanobacterium Anabaena
variabilis ", 1990/1991.

5. Kimberly Looney
Project title: "lnvertase activity of wheat roots co-cultured with cyanobaclerial mutant

SA-1 of Anabaena variabilis, 1993.
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